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The envelope glycoprotein (Env) of Moloney murine leukemia virus (MoMuLV) is proteolytically processed and transported to
the cell surface where it can be incorporated into budding virions. Cell surface Env is frequently detected using an indirect
immunofluorescence assay and fluorescence-activated cell sorting (FACS). We found that the detection of Env in this manner
requires the expression of the MoMuLV receptor (ATRC-1) on the cell surface, and the level of envelope protein detected
correlates with the level of receptors expressed on the cell. In addition, Env detection corresponds to the Env protein’s ability to
bind to its receptor and can be competed out by the addition of a truncated form of the Env protein. These data suggest that Env
detected on the cell surface by the FACS assay is protein that has rebound to its receptor after being secreted or shed, rather than
actual surface-expressed protein. In contrast, a combined immunoprecipitation and biotinylation assay detected equal amounts of
Env on the surface of both receptor-lacking and receptor-expressing cell lines. The immunoprecipitation–biotinylation assay is
therefore a more appropriate method for detecting surface expression of the MoMuLV envelope protein. © 1998 Academic Press
INTRODUCTION
The envelope glycoprotein (Env) of the Moloney mu-
rine leukemia virus (MoMuLV) is responsible for the
specific binding of the virus to a receptor on its target
cell. Env is synthesized as a precursor protein (Pr85)
which is cleaved by a host enzyme into two subunits, the
surface molecule (SU or gp70) and the transmembrane
molecule (TM or p15E) (Leamnson et al., 1977; Witte and
Wirth, 1979). Genetic and chimeric analyses have local-
ized the receptor-binding domains of the ecotropic and
amphotropic MuLV Env to the N-terminal 200 amino
acids of the SU (Battini et al., 1995; Heard and Danos,
1991; MacKrell et al., 1996; Morgan et al., 1993; Peredo et
al., 1996). The TM has a membrane-spanning domain
which anchors the envelope glycoprotein complex to the
viral or cellular membranes and a hydrophobic domain at
its amino terminus which is thought to play an important
role in the fusion between the viral and target cell mem-
branes (Marsh and Helenius, 1989; McClure et al., 1990;
Ragheb et al., 1995).
The ecotropic MuLV receptor (ATRC-1) is a multi-mem-
brane-spanning protein which has been identified as a
cationic amino acid transporter (Albritton et al., 1989; Kim
et al., 1991; Wang et al., 1991a). After being transfected
with the ATRC-1 gene, cells that are normally resistant to
ecotropic MuLV infection (e.g., Chinese hamster ovary
(CHO) cells and human embryonal kidney 293 cells)
become susceptible to infection (Albritton et al., 1989;
Kim et al., 1991). Studies have shown that the third
extracellular domain of the receptor is essential for viral
entry (Albritton et al., 1993; Yoshimoto et al., 1993), and
specific residues within this region involved in viral bind-
ing have been suggested (Malhotra et al., 1996).
The production of infectious viral particles is depen-
dent on viral Env being expressed correctly on the cell
surface and its subsequent incorporation into budding
virions. Therefore, an assay to measure expression of
envelope protein on the cell surface is routinely done
during studies of the viral Env. Several groups have used
indirect immunofluorescence and fluorescence-acti-
vated cell sorting (FACS) to detect Env expressed on the
cell surface (Egan et al., 1996; Martinez and Dornburg,
1996; Ragheb and Anderson, 1994). We investigated the
possible effect that free SU has on the detection of Env
glycoproteins on the cell surface. Free SU may be a
result of either direct secretion (Spies and Compans,
1993) or shedding through the dissociation of the SU–TM
complex from the cell or virion surface (Jones et al., 1990;
Yu and Wong, 1992). We have found that Env detected on
the cell surface by the FACS-based assay corresponds to
released Env rebinding to receptors on the cell surface
and not to actual Env surface expression.
RESULTS
SU detected on the cell surface correlates with the
presence of receptor
A FACS assay with anti-SU antibody is routinely used to
measure cell surface expression of envelope glycoprotein
(Egan et al., 1996; Martinez and Dornburg, 1996; Ragheb
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and Anderson, 1994). Typically, this is done with ATRC-1-
positive NIH 3T3 cells. Here, we measured cell surface
expression using several ATRC-1-positive and ATRC-1-neg-
ative cells lines upon transient transfection with the env
gene (Fig. 1A). We noted that only the ATRC-1-positive cells
were positive in this assay. We also measured binding of
MoMuLV virus to these cells. There was a clear correlation
between ability to bind virus and detection of cell surface
FIG. 1. Analysis of MoMuLV binding and cell surface expression of envelope glycoprotein. Analysis was performed using either the Env(C-terminal)-
specific monoclonal antibody 83A25 (A) or the Env(N-terminal)-specific monoclonal antibody 273 (B). Different cell lines harboring (293/12, CHO/12,
and NIH 3T3) or lacking (293 and CHO) the ecotropic MuLV receptor (ATRC-1) were assayed for (I) their ability to bind MoMuLV and (II) the amount
of envelope that is detected on the cell surface following transient transfection with an MoMuLV envelope expression plasmid. The broken lines
correspond to measured fluorescence on cells that were either not incubated with virus as a negative control for viral binding or not transfected with
the MoMuLV envelope expression plasmid as a negative control for envelope surface expression. Western blot analysis of cell lysates following the
cell’s transfection with the env gene confirmed that the various cells expressed the Env protein at comparable levels (data not shown).
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SU in the FACS assay. We repeated the cell surface expres-
sion assay using another Env-specific monoclonal anti-
body, 273 (Fig. 1B). Results were comparable to those
observed for the previous monoclonal antibody, 83A25.
The amount of SU detected on cell surface correlates
with the number of receptors on the cell surface
To further elucidate the effect of receptor on Env detected
on the cell surface, we utilized several CHO cell lines that
express various levels of ATRC-1, as measured by assaying
for transporter activity (Siess et al., 1996; Wang et al., 1991b).
Previous work showed that levels of MoMuLV binding to
these cell lines correlated with the levels of receptor ex-
pression (Wang et al., 1991b). This panel of CHO variants
was used to determine whether receptor number on the
cell surface influenced the level of Env detected on the cell
surface following transient transfection with the Env ex-
pression plasmids, when measured by the FACS-based cell
surface expression assay. The amount of surface Env de-
tected on these clones by the FACS assay varied and
corresponded to each clone’s ability to bind MoMuLV (Ta-
ble 1).
The amount of SU detected on the cell surface
correlates with the envelope protein’s binding ability
To further analyze the relationship between Env–re-
ceptor binding and detected Env surface expression, we
studied the cell surface detection of several MoMuLV
TABLE 1
Correlation Between MoMuLV Binding and Envelope Surface Expression in CHO Cell Lines
Expressing Varying Levels of the Ecotropic Receptor ATRC-1
CHO/ATRC-1 cell linesa
Relative level of ATRC-1
(nmol/min/mg)b Virus binding (fluorescence)c
Env presented on cell surface
(fluorescence)d
CERD.9 3.8 4.9 (61.4) 3 105 1.9 (60.8) 3 104
CERD.10 1.7 4.6 (61.4) 3 104 6.4 (64.5) 3 103
CERD.18.11 0.39 3.9 (61.2) 3 104 5.8 (64.7) 3 103
CHO 0 1.3 (61.0) 3 103 1.9 (61.8) 3 103
a The CHO cell clones expressing various levels of the ecotropic receptor (ATRC-1) were provided by Dr. David Kabat.
b The data cited are from Siess et al. (1996) and were determined by measuring arginine uptake of the CHO cell variants and normalization to control
CHO cells.
c Data represent the fluorescence on the cell surface corresponding to bound virus after the cells were mixed with MoMuLV at 4°C for 2 h and
labeled with MoMuLV envelope-specific MAb (83A25) and FITC-conjugated secondary antibody. The fluorescence was then measured by FACS
analysis. Data are the average of six independent experiments, with standard deviations indicated in parentheses.
d Data represent the amount of fluorescence on the cell surface corresponding to envelope surface expression after the cells were transiently
transfected with the env gene. At 72 h posttransfection, the cells were labeled with MoMuLV envelope-specific MAb (83A25) and FITC-conjugated
secondary antibody. The fluorescence was then measured by FACS analysis. Data are the average of eight independent experiments, with standard
deviations indicated in parentheses.
FIG. 1—Continued
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Env mutants. Mutant Envs containing a substitution of a
single amino acid at position 84 of the mature SU protein
have been shown to be processed and incorporated into
virions normally, but have reduced ability to bind to NIH
3T3 cells (MacKrell et al., 1996). After transiently trans-
fecting the mutant env constructs into 293/12 cells, the
amount of surface Env was measured by FACS. As
shown in Fig. 2, the amount of SU detected correlated to
the particular Env mutant’s ability to bind receptor. West-
ern blot analysis performed on whole cell lysates follow-
ing the cell’s transfection with the appropriate env gene
confirmed that the various Env proteins were expressed
in 293/12 cells at comparable levels (data not shown).
These observations suggest that the surface Env de-
tected by FACS is protein that has rebound to the recep-
tor, either after being secreted from the cell or after being
lost from the cell surface by the SU–TM dissociation.
In addition, we performed an experiment where cells
stably expressing the full-length Env protein were sepa-
rated from ATRC-1-expressing target cells (that do not
express Env) with a filter (45-mm pore size) in a two-layer
six-well plate. Subsequent FACS analysis showed that
SU could be detected on the surface of the target cells,
indicating transfer of SU from the Env-expressing cells to
the target cells (data not shown).
Envelope protein detected on the cell surface can be
inhibited by E229 protein
E229 protein is a truncated form of SU that consists of the
N-terminal 229 amino acids of the MoMuLV envelope and
is sufficient to bind ATRC-1 (Yu et al., 1995). E229 lacks the
epitope recognized by the Env-specific monoclonal anti-
body 83A25 used in the FACS assay and its binding to the
receptor is therefore not detected in the assay. Following
transient transfection with an env expression plasmid, the
cells were incubated in medium containing E229. After 2
days in culture, the amount of surface Env on the cells was
measured by FACS assay. In comparison with cells that
were not incubated with E229, the level of detected surface
Env decreased by 70, 36, and 50% for NIH 3T3, 293/12, and
CHO/12 cells, respectively, after they were cultured in the
presence of E229 (Fig. 3). This finding suggests that E229
competitively prevents Env from binding its receptor and
further supports the idea that surface Env detected by this
FACS assay is secreted or shed Env that has rebound to its
receptor.
Envelope protein processing is the same within cells,
either with or without the receptor
It is a formal possibility that more surface Env was
detected in the presence of ATRC-1 because the recep-
FIG. 2. Detection of mutant SU proteins on cell surface. NIH 3T3
binding by virions pseudotyped with various mutant MoMuLV enve-
lopes (D84E, K, S, or V) (open bars) was normalized to the binding by
virions pseudotyped with wildtype envelope (17,674 fluorescence units).
A mean channel number was obtained for each sample by FACS and
was converted to fluorescence intensity (in fluorescence units) as
described previously (Yu et al., 1995). SU expression on the surface of
293/12 cells transiently transfected with the different env genes was
measured by FACS. The average fluorescence intensity for 293/12 cells
that were transiently transfected with wildtype env was 147,293 fluo-
rescence units. Surface expression of the mutant envelopes (hatched
bars) was normalized to this number. Results are an average of three
independent experiments for each env gene. The error bars represent
standard deviations.
FIG. 3. Effect of the addition of truncated SU on surface envelope
protein detection. NIH 3T3, 293/12, and CHO/12 cells were transiently
transfected with the env gene. At 24 h posttransfection, the culture
medium was changed to fresh medium containing either 0 (white bars)
or 150 ml (hatched bars) of baculovirus-expressed E229 protein. This
amount of E229 in the medium has previously been shown to inhibit
more than 70% of binding to NIH 3T3 cells by an ecotropic retroviral
vector supernatant with a titer of 5 3 106 CFU/ml (data not shown). After
another 48 h incubation, the amount of envelope protein present on the
cell surface was determined by FACS. A mean channel number was
obtained for each sample and was converted to fluorescence intensity
as described previously (Yu et al., 1995). The data for each cell line are
an average of at least four independent experiments. The error bars
represent standard deviations.
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tor somehow assisted envelope protein processing and
transport to the cell surface. To address this possibility,
we performed a pulse-labeling experiment combined
with cell surface biotinylation and immunoprecipitation,
allowing us to differentiate between Env in the whole cell
and on the cell surface. Two days after being transiently
transfected with the env expression plasmid, cells were
radiolabeled with [35S]cysteine and [35S]methionine for
6 h and then reacted with the membrane-impermeable
biotinylation reagent NHS-SS-Biotin. The cells were then
lysed and immunoprecipitated with an ecotropic MuLV
envelope-specific polyclonal antibody. The biotinylated
envelope proteins from the cell surface were recovered
by incubating half of the immunoprecipitated sample
with streptavidin–agarose beads. Similar patterns of SU
expression in the cell lysate, cell surface, and superna-
tant were detected for both 293 cells (lacking the eco-
tropic receptor) and 293/12 cells (expressing the recep-
tor) (Fig. 4). More SU, both on the surface and in the
supernatant, was detected on 293 cells than on 293/12
cells. The amount of SU detected on the cell surface and
in the supernatant correlated with the amounts detected
in the cell lysate, where both unprocessed Pr85 precur-
sor protein and processed gp70 SU were observed.
DISCUSSION
The viral envelope protein plays a critical role in the
retroviral life cycle. Retroviruses bind to target cells
through a highly specific envelope–receptor interaction.
In studying the function of the envelope glycoprotein, its
expression on the surface of cells is often measured
utilizing monoclonal antibodies that specifically recog-
nize SU, followed by FACS analysis (Egan et al., 1996;
Martinez and Dornburg, 1996; Ragheb and Anderson,
1994). The present study demonstrates that detection of
the envelope protein on the cell surface by such a FACS
assay results from Env binding to its receptor on the cell
surface. This result suggests that measurement of Env
expression on the cell surface by this method may not be
detecting actual envelope protein expression.
Several results support this conclusion. First, detec-
tion of surface envelope protein depended on the avail-
ability of the ecotropic receptor, as little or no Env was
detected on the surface of human 293 and CHO cells
upon transient transfection with a MoMuLV env expres-
sion plasmid. However, the use of human 293 and CHO
clones stably expressing the ecotropic receptor (ATRC-1)
allowed the detection of surface Env upon transient
transfection with the env gene. Second, a direct correla-
tion between the level of Env detected on the cell surface
and the cell’s ability to bind MoMuLV was observed.
Third, the level of detected surface Env correlated with
the protein’s ability to bind its receptor. Finally, a trun-
cated form of SU (E229) was able to compete out the
detection of Env in the FACS-based assay. Western blot
analysis performed on whole cell lysates following the
cell’s transfection with the env gene confirmed that the
cells used in these experiments expressed the Env pro-
tein at comparable levels (data not shown). This would
rule out the possibility that variation in detected surface
Env is caused by varying levels of Env expression in the
cells. These results suggest that the detection of Env in
a FACS assay requires Env to bind to its receptor on the
cell surface.
An alternative explanation for this phenomenon could
be that the receptor protein assisted in the transport of
Env to the plasma membrane. However, the combined
immunoprecipitation and biotinylation assay showed
that similar levels of Env were expressed on the cell
surface regardless of whether the receptor was being
expressed by the cell.
The possibility that Env recognition by the monoclonal
antibodies requires Env–receptor binding may be ruled
out as well since similar results were observed using
two Env-specific monoclonal antibodies (83A25 and 273)
that recognize different epitopes on the Env protein. In
addition, surface Env can be detected on cells that are
stably expressing Env—but not the receptor—using the
FACS assay (data not shown).
It has been shown that the presence of the envelope
protein of the simian immunodeficiency virus (SIV) in
culture supernatant could result either from being di-
rectly secreted by the cell or from being shed off after a
transitory expression on the cell surface (Spies and
Compans, 1993). Therefore, free SU or Env molecules are
present in the medium and could potentially affect the
FIG. 4. Biotinylation and immunoprecipitation of surface envelope
protein. Human 293 and 293/12 cells transfected with the env gene
(CEE1) were pulse-labeled with [35S]cysteine and [35S]methionine for
6 h. At the end of the pulse-labeling period, the cell surface proteins
were biotinylated. Envelope proteins secreted into the medium and in
the cell lysate were immunoprecipitated with a polyclonal MoMuLV
envelope-specific antiserum (see Materials and Methods). Envelope
proteins on the cell surface were detected by precipitating half of the
cell lysate immunoprecipitate with streptavidin–agarose beads. (1)
Represents cells transfected with the env gene (CEE1); (2) mock
transfection.
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accuracy of Env surface expression measurement by
FACS analysis. A more appropriate assay for detecting
SU on the cell surface is a combined immunoprecipita-
tion and biotinylation assay using receptor-negative
cells, as reported here.
Previous work by others suggests that binding of en-
dogenously synthesized Env protein to its receptor is a
major contributor to superinfection interference in virally
infected cells (Wang et al., 1996). The Env that binds the
receptor may be in the context of either a viral particle or
an Env protein that binds the receptor protein intracellu-
larly. Recently, it has been shown that secreted SU sub-
units may contribute to superinfection interference as
well (Nihrane et al., 1996). Our work supports this con-
tention as the majority of detected Env on the cell surface
was secreted protein that had rebound its receptor.
Since shedding of SU is observed in other viral sys-
tems, the possibility exists that assays measuring Env on
the cell surface would measure rebound envelope as
well, thereby resulting in inaccurate quantification of
surface-expressed Env. Down-regulation or attenuation
of surface SU may protect virus-infected cells from en-
velope-specific cytopathic effects or immune responses
(Sauter et al., 1996). Current studies of the down-regula-
tion of Env expression on the surface of viral infected
cells often involve measuring surface Env by FACS (Egan
et al., 1996; Sauter et al., 1996). Rebound envelope may
trigger Env-dependent cytopathic effects or immune re-
sponses as well, but may not be subject to the normal
down-regulation mechanism. Therefore, the possibility
that rebound Env influences down-regulation studies
should also be looked at critically.
MATERIALS AND METHODS
Cell lines and antibodies
NIH 3T3 and human 293 cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco/
BRL, Gaithersburg, MD) supplemented with 10% fetal calf
serum (FCS, Gemini Bioproducts, Inc., Calabasas, CA)
and 2 mM glutamine. CHO cells were grown in a-MEM
(Irvine Scientific, Inc., Santa Ana, CA) with 10% fetal calf
serum and 2 mM glutamine. The 293/12 cell line stably
expresses ATRC-1 and was described previously
(Ragheb et al., 1995). In the same manner, the CHO/12
cell line expressing ATRC-1 was generated using CHO
cells. CHO cell lines expressing varying levels of eco-
tropic MuLV receptor, CERD.9, CERD.10, and CER 18.11
were kindly provided by David Kabat (Wang et al., 1991b).
The rat monoclonal antibody (MAb) 83A25, specific for
the C-terminal region of MuLV gp70, was obtained as a
stock of hybridoma supernatant from L. Evans (Evans et
al., 1990). Mouse MAb 273, specific for the N-terminal
region of MuLV gp70, was obtained from the AIDS Re-
agent Repository (Rockville, MD). The goat polyclonal
anti-gp70 antibody (Lot 79S656) was purchased from
Quality Biotech Inc. (Camden, NJ). Fluorescein isothio-
cyanate (FITC)-labeled goat anti-rat IgG was purchased
from Kirkeggard and Perry Laboratories, Inc. (Gaithers-
burg, MD).
Replication-incompetent MoMuLV virus particles were
produced from the ecotropic viral vector producer cell
line GP1E86/LNCX (Yu et al., 1995), and the virus super-
natant with a titer of 5 3 106 colony-forming units
(CFU)/ml was measured by G418-resistant colony forma-
tion, as described previously (Yu et al., 1995).
Plasmids and transfection
The wild-type MoMuLV envelope gene (env) expres-
sion plasmid CEE1 and mutant env genes D84E, D84S,
D84K, and D84V were as described previously (MacKrell
et al., 1996), in which env gene expression is controlled
by the cytomegalovirus promoter. Plasmid DNA was
transformed in Escherichia coli XL1-Blue (Stratagene, La
Jolla, CA) and purified with a Plasmid Maxi Kit (Qiagen,
Chatsworth, CA).
Transfection of NIH 3T3 and 293 cells (1.5 3 105 cells
per 35-mm-diameter plate) with 8 mg of DNA was done
using the calcium phosphate precipitation method with
reagents from 59-39 Inc. (Boulder, CO). CHO cells (1.5 3
105 cells per 35-mm-diameter plate) were transfected
with a mixture of DNA (2 mg) and Lipofectamine reagent
(5 ml, GIBCO/BRL, Gaithersburg, MD). Transfection effi-
ciency was determined by b-galactosidase staining
upon cotransfection of the cells with an envelope and a
nuclear lacZ expression plasmid. The amount of the lacZ
plasmid was 1/10 that of the env plasmid. At 72 h post-
transfection, the cells were washed with phosphate-
buffered saline (PBS) and fixed with 0.5% glutaraldehyde
in PBS. After three washes with PBS for 10 min each time
at room temperature, cells were incubated overnight at
37°C with a PBS solution containing 1 mg/ml X-gal, 2 mM
MgCl2, 5 mM K3Fe(CN)6, and 5 mM K4Fe(CN)6. Transfec-
tion efficiency was calculated by the ratio of blue cells
(transfected) to the total cells contained in a viewing
field.
Immunofluorescence labeling and FACS assays
The binding of MoMuLV to different cell lines was
determined by indirect immunofluorescence and FACS
analysis, as described previously (Kadan et al., 1992; Yu
et al., 1995). Cells were detached using trypsin. A total of
2 3 105 cells were mixed with 1 ml of virus and incubated
at 4°C for 2 h with gentle mixing. The cells were washed
with wash buffer (PBS containing 10% goat serum). The
cells were then resuspended in 250 ml of MAb 83A25
and incubated at 4°C for 1 h with gentle mixing. Follow-
ing one wash, the cells were resuspended in 100 ml of
FITC-conjugated goat anti-rat IgG (5 mg/ml) and incu-
bated at 4°C for 30 min with gentle mixing. After a final
wash, the cells were fixed with 4% paraformaldehyde in
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PBS, kept covered on ice, and analyzed for fluorescence
intensity using a FACStar Plus flow cytometer (Becton–
Dickinson, San Jose, CA). The measured mean channel
number of the samples was converted to fluorescence
intensity as described previously (Yu et al., 1995).
Measurement of immunofluorescence labeling and
FACS analysis to quantitate Env on the cell surface was
performed in a similar manner to the measurement of
bound virus as described above. Briefly, at 72 h post-
transfection with an env expression plasmid, the cells
were dissociated with cell dissociation buffer (GIBCO/
BRL). The cells were washed once and labeled with MAb
83A25 and FITC-conjugated goat anti-rat IgG as de-
scribed above and samples were analyzed by FACS.
Radiolabeling and immunoprecipitation
At 74 h following transfection with the env gene, cells
were starved in cysteine- and methionine-deficient
DMEM for 30 min. The cells were then pulse-labeled
with 100 mCi of [35S]cysteine and [35S]methionine in 1 ml
DMEM for 6 h. At the end of the labeling, the culture
medium was collected and the cells were biotinylated
with NHS-SS-Biotin as previously described (Spies and
Compans, 1993). The cells were washed three times with
ice-cold PBS containing 0.1 mM CaCl2 and 1 mM MgCl2
(PBS/CM) and incubated with 1 ml of a 0.5 mg/ml solu-
tion of sulfosuccinimidyl-2-(biotinamido)ethyl-13-dithio-
propionate (NHS-SS-Biotin; Pierce, Rockford, IL) in
PBS/CM at room temperature for 30 min. Free biotin was
blocked by being mixed with DMEM containing 10% FCS,
and the cells were washed three times with ice-cold
PBS/CM. The cells were then lysed in 1 ml of lysis buffer
I (10 mM sodium phosphate buffer, pH 7.4, 150 mM NaCl,
1% Triton X-100, and 1 mM phenylmethylsulfonyl fluo-
ride). Cellular debris was removed by centrifugation. The
cell lysate (1 ml) and culture medium (2 ml) samples
were mixed, individually, with 5 ml of lysis buffer II [150
mM NaCl, 50 mM Tris–HCl (pH 7.5), 1% Triton X-100, 1%
sodium dodecyl sulfate (SDS), 1 mM EDTA] and then
immunoprecipitated overnight with 20 ml of goat anti-
gp70 antiserum and 15 ml of protein G–Sepharose 4B
(Sigma, St. Louis, MO). The beads from both cell lysate
and medium were washed three times with lysis buffer II,
and cell lysate beads were divided into two equal ali-
quots. One-half of the cell lysate beads were boiled in 20
ml of 10% SDS for 5 min and diluted with 1 ml of lysis
buffer II. The boiled beads were removed by centrifuga-
tion, and the supernatant was incubated with 10 ml of
streptavidin–agarose beads (Pierce, Rockford, IL) for 4 h
at 4°C. The beads were then washed three times with
lysis buffer II. The beads from the cell lysate, cell surface
(streptavidin-bound), and medium fractions were then
suspended with 30 ml of 23 SDS gel loading buffer and
boiled for 5 min. Proteins were characterized by SDS
8–16% polyacrylamide gel electrophoresis (PAGE) and
subsequent autoradiography using a PhosphorImager
(Molecular Dynamics, Sunnyvale, CA).
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